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Analysis of natural vibration period of arch greenhouse based on
a geometric nonlinear dynamic model of circular arch
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3. China Academy of Building Research Co. , Ltd. , CABR Technology Co. , Ltd., Beijing 100013, China)

Abstract Aiming at the bending vibration problem of bar in dynamic analysis of arch greenhouse structure, the natural
vibration characteristics of arch greenhouse were studied by direct stiffness method. Based on the analysis of bending
deformation, shear deformation, axial compression deformation, second-order effect and translational inertia force and
rotational inertia force based on distributed mass, the displacement control equation of circular arch is established, and
the nonlinear translational Timoshenko circular arch dynamic model is obtained. The characteristic equation is obtained
by the definite solution condition. By solving the characteristic equation, the calculation method of natural vibration
period of arched greenhouse is given. By using the model established in this study and its degradation model, the
natural vibration periods of arch shed and typical arched greenhouse structure under different models are calculated,
and the calculation results of different models are analyzed. In conclusion, the geometric nonlinear compressible flat
rotation Euler beam model established in this study can be used to calculate the natural vibration period of arched
greenhouse structure.
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Table 1 Other physical expressions and basis functions
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I, II and IIT are bar numbers. Vi, Vi and Vi are shear force of bars I, 1T and III; Ny, Ny and N
are axial forces of bars I, II and III. r is round arch radius; a is central angle.
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Fig.2 Typical arched greenhouse structure diagram
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Table 2 Solution conditions of typical arched greenhouse structure
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Classification
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Description
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Table 3 Calculation results of natural vibration period of different arch shed models s
- AL R 2 R 3 T 4 A 5 FLRL 6 Y 7 R 8
Mj Model Model Model Model Model Model Model Model
ode
group 1 group 2 group 3 group 4 group 5 group 6 group 7 group 8
PR 1 0.525 6 0.782 8 0.783 0 0.783 2 0.783 7 0.387 9 0.620 3 0.555 2
Mode 1
PRA 2 0.329 8 0.329 9 0.330 0 0.329 9 0.330 1 0.296 5 0.296 6 0.279 2
Mode 2
A 3 0.1351 0.170 0 0.170 1 0.170 0 0.170 1 0.126 0 0.160 0 0.154 3
Mode 3
PRA 4 0.109 0 0.109 0 0.109 1 0.109 1 0.109 2 0.104 9 0.104 9 0.102 4
Mode 4
PR# 5 0.063 0 0.073 8 0.073 9 0.073 8 0.073 9 0.061 1 0.071 8 0.070 6
Mode 5
A 6 0.054 4 0.054 4 0.054 5 0.054 5 0.054 6 0.053 4 0.053 4 0.052 7
Mode 6
PRA 7 0.036 5 0.041 2 0.041 3 0.041 2 0.041 3 0.035 9 0.040 6 0.040 1
Mode 7
4 ANHPREEAFAEEBREABHTESER
Table 4 Calculation results of natural vibration period of different models of typical arch greenhouse s
ity AL _— HEAY 1 FEAY 2 BEAY 3 LAY 4 HiR 5 KT 6 BEARY 7 R 8
K 2
Structure Mod Model Model Model Model Model Model Model Model
ode
type group 1 group 2 group 3 group 4 group 5 group 6 group 7 group 8
PRA1 0.428 9 0.410 9 0.410 7 0.562 1 0.354 4 0.754 0 0.496 8 0.447 3
A 2 0.191 1 0.196 3 0.196 1 0.194 8 0.188 6 0.341 1 0.187 9 0.183 8
PR A 3 0.129 3 0.126 2 0.1257 0.128 6 0.064 5 0.189 2 0.126 3 0.124 8
45k 1
) A 4 0.099 5 0.104 4 0.104 3 0.114 0 0.054 8 0.068 0 0.076 3 0.075 6
Structure 1
A5 0.070 9 0.070 2 0.069 5 0.077 3 0.041 5 0.049 5 0.059 4 0.058 6
PR# 6 0.050 4 0.050 1 0.049 9 0. 060 5 0.034 8 0.037 5 0.038 0 0.037 9
PR 7 0.037 7 0.037 7 0.037 3 0.038 3 0.027 6 0.032 0 0.031 4 0.031 3
A1 0.612 6 0.598 9 0.598 7 0.662 0 0.507 7 1.022 4 0.615 8 0.590 3
A 2 0.307 0 0.301 9 0.3017 0.352 4 0.287 3 0.140 1 0.334 5 0.323 8
PR 3 0.171 4 0.180 0 0.179 9 0.189 0 0.183 7 0.118 7 0.185 4 0.183 1
45t 2
) PRA 4 0.068 9 0.125 4 0.125 4 0.083 8 0.109 3 0.088 7 0.082 7 0.081 9
Structure 2
PR 5 0.052 8 0.093 1 0.092 5 0.054 4 0.052 7 0.070 8 0.054 0 0.053 7
PR 6 0.042 6 0.069 8 0.069 5 0.043 3 0.042 9 0.053 7 0.043 0 0.042 8
PRA 7 0.033 9 0.053 6 0.053 2 0.034 0 0.035 9 0.042 8 0.033 7 0.033 6




5% 5 3]

TR AR . BT LA AR e A Bt 8l ) AL A BUR R % A IR A 9 A

227

3.3 ZRx5 54

HEN ] — PR BT g P AT AY 5L 1 B A X R 22
MR R IR 5. AT LA R A W] 23 A S AL
13300y R SRS [R] A LA R L P s T 5
BRERL Y158 25 =40 Vo s JUA Ve R A 55 LA 4 2
BRI IR 22>>20 % ; Timoshenko R 5 Euler
RERY Y152 25 <20, 126 5 AT e 4 A5 A0 155 AN ] 4 A5 A4 11

RZE<0. 100, PEA XS 25 S i IR U2 . % S B AL TP
22 ZER W /s B R R G A T B
AR A B RN R O 2, TR RO T
FFE 5 a7 B OB B8 B IO I S 254 IR A Y
IO V-5 Bl 51 A 4 45 R AR R R Rl g 7 2R B R
JS7 » ] 220 W% 5 ) AR HE R Al i) e 46 A8 I R % I8 CR
JUAT AR L R e 46 F 5% 3l Euler 2B,

x5 HNSERFAHEFRETEER
Table 5 Relative error calculation results of arch shed model period %
- FAL 1 AL 2 R 3 I 4 R 5 HERL 6 RERL 7 R 8
M : Model Model Model Model Model Model Model Model
ode
group 1 group 2 group 3 group 4 group 5 group 6 group 7 group 8
PRA 1 0. 00 48. 94 48.96 49. 00 49.11 —26.19 18.01 5.63
Mode 1
PRA 2 0. 00 0.01 0.04 .03 0. 06 —10. 10 —10.09 —15.35
Mode 2
PRA 3 0. 00 25.81 25. 89 25.81 25. 89 —6.76 18.42 14. 16
Mode 3
PR A 4 0. 00 0.03 0.13 .08 0.18 —3.78 —3.75 —6.08
Mode 4
PRA 5 0. 00 17.17 17. 34 17.18 17. 34 —3.01 14.03 12.07
Mode 5
PRA 6 0. 00 0. 06 0. 26 15 0.35 —1.89 —1.83 —3.09
Mode 6
PR 7 0. 00 12. 88 13.17 12. 88 13.17 —1.71 11.16 10. 06
Mode 7
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